Abstract-The laser pulse energy thresholds for single-event upset measured by single photon and two photon absorption are measured and compared for Sandia SRAMs and DPSRAMs, and IBM 45-nm SRAMs for devices with and without the back substrate removed. These results are also compared to heavy-ion results taken on the same devices. Sandia SRAM data taken on different test dates resulted in considerably different TPA laser pulse energy thresholds even though the TPA system was calibrated using standard techniques each test date. These differences are believed to be due to changes in laser spot size. This shows that it is imperative to develop a calibration procedure that monitors all relevant laser parameters if TPA is to be used as a routine quantitative tool. Removing the back substrate makes a very large difference in TPA laser pulse energy threshold. This large difference is likely due to either displacement currents generated in the back substrate by TPA and/or nonlinear optical effects which can reduce the laser pulse irradiance in the active region. Nevertheless, the mechanism does not appear to affect the qualitative nature of TPA measurements. Both SPA and TPA laser measurements were used to estimate the heavy-ion threshold LETs of the Sandia DPSRAMs and 45-nm IBM SRAMs. Both SPA and TPA overestimated the heavy-ion threshold LET of the IBM 45-nm SRAMs (likely due to the large laser spot size compared to the size of the SRAM cell), but reasonably estimated the threshold LETs of the Sandia DPSRAMs. For the first time, TPA laser pulse energy (squared) is directly compared to SPA laser pulse energy at threshold. There is reasonable quantitative agreement between
Comparison of Single and Two-Photon Absorption for Laser Characterization of Single-Event Upsets in SOI SRAMs I. INTRODUCTION P ULSED laser techniques offer numerous advantages for single-event effects (SEE) testing compared to conventional heavy-ion testing [1] , [2] . The two most widely used techniques for laser SEE testing involve single-photon absorption (SPA) and two-photon absorption (TPA). Both of these techniques have advantages and disadvantages compared to each other [2] .
In SPA testing, the photon energy is greater than the semiconductor bandgap. A SPA laser pulse generates a high-density of electrons and holes in a semiconductor material similar to a heavy-ion strike. The laser intensity will fall off exponentially in the material. The energy deposited per unit depth (dE/dx) by the laser will depend on the laser pulse energy. Thus, the laser energy can be related to ion LET. One major difference between the charge generation region for a laser pulse and a heavy ion is that the charge generation region for a laser pulse (typically 1 m) is much larger than for a heavy ion (typically 0.02 m for significant charge generation) [3] . This can be especially important for both SPA and TPA for highly-scaled ICs where charge can be simultaneously deposited in one or more transistors. Another disadvantage to SPA is that the laser beam cannot penetrate many of the overlayers (e.g., metal layers) used in ICs.
At high laser intensities, there is the probability for the simultaneous absorption of two photons [2] , [4] , [5] . This is the basis for two-photon absorption (TPA). In TPA, the laser wavelength is chosen below the bandgap of the semiconductor material. At low laser irradiances, no electron/hole pairs are generated (no optical absorption). Even though the wavelength is below the semiconductor bandgap, at sufficiently high laser irradiances, the material can simultaneously absorb two photons generating a single electron-hole pair. The charge generation region only occurs in the high-irradiance focal region of the focused laser beam. This allows one to vary the charge generation region in a 3-D pattern and enables the use of backside, through-wafer illumination [2] . Backside illumination mitigates the effects of 0018-9499/$26.00 © 2011 IEEE metal overlayers attenuating/reflecting the laser beam. The diameter of the high-intensity region is approximately the same as for SPA.
Recent work using SOI diodes qualitatively compared the amount of charge collection between SPA and TPA from the backside for through wafer excitation [6] . This work suggested that displacement currents caused by charge generation in the back silicon substrate could impact the amount of collected charge in TPA measurements. It is not known if these displacement currents will also affect the amount of charge collection in an IC and subsequently its SEE characteristics.
In this work, we explore differences in SEU results for ICs taken using TPA, SPA, and heavy ions. SPA and TPA laser measurements were taken on Sandia 1-Mbit SRAMs. These SRAMs were designed with different feedback resistors in different blocks within the SRAM, resulting in different threshold LETs for each block of the SRAM. TPA measurements were taken on SRAMs with and without the back substrate removed and SPA measurements were taken on SRAMs with the back substrate removed. SRAMs with and without the back substrate removed were also characterized with heavy ions. These data are correlated to investigate the effects of the back substrate on TPA laser measurements and differences in laser pulse energy thresholds in SPA and TPA measurements. Measurements of Sandia dual-port SRAMs (DPSRAMs) and IBM 45-nm SRAMs were also taken and compared.
II. EXPERIMENTAL DETAILS

A. Laser Exposures
ICs were characterized using both SPA and TPA [1] , [5] . The TPA system consists of a titanium sapphire laser regenerative amplifier (Clark-MXR), a tunable optical parametric amplifier (OPA), and associated optical and diagnostic apparatus. A simplified schematic diagram of the TPA system is shown in Fig. 1 , and has been described previously [2] , [5] . For the TPA measurements the signal beam of the OPA is tuned to 1.26 m, with a pulse energy of 70 nJ and a pulsewidth of 120 fs. This strong IR beam is attenuated (by taking the front-surface reflection from a fused silica optical flat) and then passed through a waveplate-polarizer combination to precisely control the pulse energy at the DUT (which is monitored with a calibrated large-area InGaAs photodiode). The device is imaged with a near infrared focal plane array. The optical pulses were focused onto the backside of the device with a 100 microscope objective, resulting in a near-Gaussian profile with a full-width-at-half maximum (FWHM) diameter of m at focus. For the TPA measurements, to center the laser pulse in the z-direction, a sensitive location was first found at a high laser pulse energy. The laser pulse energy and z position were then adjusted to find the z position that produced upsets at the lowest laser pulse energy as the laser pulse energy was reduced. For all tests, several areas were scanned.
The wavelength of the SPA laser pulses was 590 nm and the pulse width was 1 ps. The SPA optical pulses were also focused onto the backsides of the SRAMs with a microscope objective resulting in a near-Gaussian FWHM diameter of approximately 1.1 m. For both the TPA and SPA measurements, the laser energy was progressively decreased until no errors were detected in the region being scanned. This point is defined as the laser pulse energy threshold.
B. Devices
The primary test vehicle was a 1-Mbit SRAM fabricated in Sandia's 0.35-m partially-depleted SOI technology [7] . This technology uses a 200-nm-thick buried oxide with approximately a 200-nm-thick top silicon active layer. This SRAM was designed to have regions of differing SEU sensitivity. It is split into 16 blocks (64 Kbits each) with different sizes of feedback resistors. Eight of the 64-Kbit blocks have resistors with varying size (including a block with no feedback resistors). The back substrates of some of the SRAMs were removed by etching in XeF [6] , [8] , [9] . These SRAMs were previously characterized from the front side using heavy ions at Texas A&M's (TAMU) heavy-ion cyclotron and Brookhaven National Laboratory's (BNL) Tandem van de Graaff [10] . For this work, they were also characterized with heavy ions from the backside with the back substrates removed. Laser tests were also performed on 36-Mbit 45-nm SOI SRAMs fabricated at IBM in their partially-depleted SOI technology [11] and a DPSRAM fabricated at Sandia in the same 0.35-m partially-depleted SOI technology as the 1-Mbit SRAMs. All SRAMs were tested in a dynamic mode where a checkerboard pattern was first written into the memory array. During laser exposure, the memory was continually read. When an error was detected, the memory pattern was rewritten to the memory and the read cycle was then continued. The 1-Mbit SRAMs, DPSRAMs, and 45-nm SRAMs were tested at bias voltages of V, 2.9 V, and 1.0 V, respectively.
III. RESULTS
A. Heavy-Ion Results: Effect of Substrate Removal
Before comparing SPA and TPA measurements, it is imperative to show whether or not removing the substrate impacts the SEU characteristics. Removing the substrate will change a number of electrical parameters including the electric field in the buried oxide and parasitic capacitance, which may affect the SEU characteristics. Figs. 2 and 3 are plots of the heavy-ion SEU cross section for Sandia 1-Mbit SRAMs irradiated from the front side with the substrate in place (standard SEU characterization) and irradiated from the backside with the substrate removed. Different devices, but from the same lot, were used for the front and backside irradiations. The BNL SEU data for the front side irradiations are taken from [10] . The same ions and energies were used for the front and backside irradiations for both the BNL and TAMU irradiations. The BNL irradiations were performed at relatively low ion energies (2.5 to 6.6 MeV/u) where secondary ion effects are minimized [10] . The TAMU irradiations were performed at higher ion energies (9.6 to 11.1 MeV/u) where some secondary ion effects can be observed [10] . The LET values in Figs. 2 and 3 take into account the different overlayers in the beam for front side versus backside irradiation. For clarity, data are plotted for only six of the eight blocks of the SRAM with different threshold LETs for the BNL irradiations and for three of the eight blocks for the TAMU irradiations. The highest LET for the TAMU irradiations with the substrate removed was 40 MeV-cm mg.
For the BNL irradiations, there is a good correlation between both the SEU cross sections and threshold LETs for all blocks except block 0. For block 0, the threshold LET is less for the irradiations from the top than for the irradiations from the back without the substrate. However, at the higher cross sections where secondary ion effects are not important, for the TAMU irradiations there is good correlation for the block 0 data for the top and back irradiations. The TAMU data also show reasonable correlation for the other blocks. Thus, for the majority of the blocks and all of the TAMU data, removing the back substrate does not have a significant impact on SEU cross section. The cause of the difference in the block 0 BNL data and the TAMU data or the BNL data for the other blocks cannot be positively identified.
These data do suggest, however, that there may be differences in the BNL and TAMU irradiations. The same devices, test equipment, test software, etc. were used for the backside irradiations with the substrate removed and the same devices were used for the backside irradiations with the substrate not removed. Figs. 4 and 5 are comparisons of the SEU upset cross sections for 1-Mbit SRAMs irradiated at TAMU and BNL from the backside with the substrate removed and from the topside with the substrate not removed, respectively. For the irradiations with the substrate removed (Fig. 4) , there is good agreement between the TAMU and BNL results in the SEU cross section versus LET data for block 0. For the other blocks, the SEU cross section begins to decrease at higher LETs for the TAMU data than for the BNL data. This is at the point where secondary ion effects are not important. However, for the topside irradiations with the substrate not removed (Fig. 5 ), the SEU cross section begins to decrease at higher LETs for the TAMU data than for the BNL data for all of the blocks. Assuming the differences in ion energies are not large enough to cause differences in threshold LET, these data indicate that there may be differences in the dosimetry between the two facilities. Note that these differences are at the higher LETs. Hence, comparisons of the two facilities using a standard commercial SRAM with a low threshold LET may not have the capability to detect differences between the facilities. Comparing the BNL and TAMU results, it can also be noted from the ledge in the upset cross sections at low values, that secondary ion effects also can be observed for the backside irradiations with the substrate removed. Therefore, even for the backside irradiations there can be enough back scattered secondary ions to create noticeable increases in the upset cross section as the LET is decreased.
The majority of these data show that removing the back substrate does not make significant differences in the SEU characteristics. For the one case that it did (block 0 data at BNL), there are questions as to device-to-device variability. For the remainder of this work, all laser data will be compared to the BNL heavy-ion data. Although, the correlation factors derived from comparisons of the laser and heavy-ion data may be different if the laser data had been compared to the TAMU heavy-ion data, the conclusions remain the same. 
B. Two-Photon Absorption
1) 1-Mbit SRAM Calibration:
The laser pulse energy thresholds were measured using TPA for Sandia 1-Mbit SRAMs and compared to the heavy-ion threshold LETs measured at Brookhaven. Fig. 6 is a plot of the laser pulse energy squared versus heavy-ion threshold LET for SRAMs without the back substrate removed. The data points plotted at the different heavy-ion threshold LETs are the laser pulse energy thresholds for the different blocks of the SRAM. Data are taken for three different test campaigns. The laser pulse energy threshold is defined as the minimum laser pulse energy where upsets were measured. The square of laser pulse energy threshold is plotted because of the "two-photon" nature of these tests. The heavy-ion threshold LETs were estimated from [10] from front side measurements at an SEU cross section of 10 cm . The laser energy was calibrated each test campaign using an InGaAs photodiode. For all three test campaigns, the heavy-ion threshold LET varies linearly with laser pulse energy squared. For the first two test campaigns (February 2010 and July 2009), after calibrating the laser energy, there is excellent agreement between the two data sets. The line through the data points for these two test campaigns is the best fit to the data. (The fit was forced through the point at .) For the SRAMs with the substrate for the first two test campaigns, laser pulse energy threshold, , and heavy-ion threshold LET, , are related by (1) where is in units of nJ and is in units of MeV-cm mg. However, there is a large difference in the results of the third test campaign (November 2010). For this test campaign, laser pulse energy threshold and heavy-ion threshold LET are related by (2) Despite the fact that the same laser pulse energy calibration procedure was used for each test campaign, there is more than a factor of 5 times difference in the correlation factor between laser pulse energy threshold and heavy-ion threshold LET. To use TPA as a quantitative tool for characterizing SEE, the mechanisms causing these large differences must be understood and procedures must be developed to monitor the effects of these mechanisms.
There are several possible reasons for the differences observed in test campaigns as shown in Fig. 6 . Linear calibration of the laser pulse energy does not take into account nonlinear effects that can arise from changes in the focused laser spot size or the pulse width, for example, and can have a significant effect on the carrier generation efficiency of the focused laser pulse. Measurements of the focused spot size before and after the November 2010 test campaign suggest that spot size effects can account for the majority of the changes observed. The full-width-at-half-maximum diameter of the laser spot decreased from 1.7 m for earlier measurements, to 1.35 m for the November 2010 experiment. This change in beam characteristics has been traced to a major repair/realignment of the laser system that took place in August 2010. Fig. 7 shows a laser spot size measurement performed using the knife-edge technique after the November 2010 test. It is a measurement of the normalized signal on a photodiode as a knife edge is traversed across it. Essentially, it's the amount of transmission as a function of position.
Since the deposited charge depends on the square of the irradiance, and the irradiance varies as , the carrier generation efficiency in the TPA process varies as . Hence, for a given laser pulse energy, the carrier generation efficiency will have increased by a factor of 2.5 between the March and November 2010 tests.
In addition to the carrier generation efficiency, because the target structures are SOI transistors and the laser spot size is larger than the dimensions of the SOI body region, spatial overlap effects must be considered as well. Variations in the laser spot size will lead to variations in the overlap integral between the focused laser pulse and the sensitive volume of the DUT, with smaller focused spots depositing more charge in the sensitive volume, resulting in a lower threshold pulse energy. The solid red line in Fig. 6 shows a correction to the best fit line of the July 2009 and March 2010 data taking into account the spot size (irradiance and overlap) effects discussed here. As is evident, correctly accounting for the spot size variations between the different tests accounts for roughly 95% of the discrepancy between the data sets.
Other parameters that can affect the carrier generation efficiency are the laser pulse width and its phase properties; these were not monitored as part of the present study and should be considered in future investigations. The Sandia 1-Mbit SRAM SEU threshold measurements reveal clearly that the optical characteristics of the laser system had changed, and provide a useful test vehicle for tracking such changes. The SRAM tests, however, are time consuming, and the use of a more convenient, nonlinear-optical probe as an online monitor of the system carrier generation characteristics is warranted.
These results indicate that for the TPA SEE approach to be used as a routine quantitative tool it is imperative that the laser pulse characteristics be monitored and methodologies be developed to assess and correct for possible changes in the pulse characteristics. These results also expound on the fact that, for TPA, at the present time, quantitative comparison of results from different facilities is difficult, and would require extensive calibration and correlation efforts. 2) Effect of Back Substrate: Fig. 8 is a comparison of TPA SEU measurements on the 1-Mbit SRAMs with and without the back substrate removed. This is the first detailed demonstration of the effect of the back silicon substrate on TPA laser measurements of ICs. Plotted are the heavy-ion threshold LETs versus the square of the laser pulse energy threshold for six of the 64 K blocks with different feedback resistors that make up the 1-Mbit Sandia SRAM. As shown in the figure, the square of laser pulse energy threshold varies linearly with the heavy-ion induced threshold LET. For the SRAMs with the substrate, laser pulse energy threshold, , and heavy-ion threshold are related by (2) For the SRAMs without the substrate, , and are related by (3) Although laser pulse energy threshold squared varies linearly with ion threshold LET for SRAMs with and without the substrate, considerably higher laser pulse energies are required to generate upsets in SRAMs with substrates than SRAMs without substrates. These differences cannot be explained by differences in reflections at the back interfaces [6] , [8] .
For TPA measurements both with and without a substrate, the z-direction (normal to the surface) was varied to focus the laser beam in the silicon active layer. Because the laser beam was focused in the active silicon layer and the wavelength of the laser beam is below the silicon bandgap, beam attenuation via linear absorption in the back substrate cannot be the cause of the difference. If one assumes that the same amount of generated charge in the silicon active layer is required to induce upsets, these data suggest that the charge generation and/or collection mechanisms are different with and without the silicon substrate. This is consistent with recent charge collection measurements performed on large area SOI diodes, which suggested that displacement currents induced by charge generation in the substrate can lead to large differences in the amounts of charge collection for SOI diodes with and without the back substrate removed [6] . As noted in [6] , the properties of laser-induced charge collection observed in diodes are very reminiscent of heavy-ion microbeam results taken on SOI capacitors, which showed that significant displacement currents can be induced by ion strikes in the back substrate resulting in charge collection in the top silicon layer [12] . These displacement currents may also be impacting charge collection in SRAMs without the substrate removed.
In addition to displacement currents, nonlinear processes also can contribute to a reduction in the pulse irradiance in the active region. One of these processes is associated with a process known as "pump depletion." As the pulse propagates through the silicon substrate a certain fraction of the incident photons are lost to carrier generation (via TPA since the linear loss is negligible). This decreases the laser pulse energy (correspondingly the pulse irradiance) that interacts with the active layer of the device. Since the carrier generation rate is quadratic in the photon density, a small change can have a significant impact on the experimental observable. This process is irradiance dependent and, therefore, its magnitude will vary with the pulse energy. Because of the confined body in SOI devices, pump depletion is expected to be more significant in SOI than in bulk devices.
Other nonlinear-optical processes that must be considered are nonlinear refraction and free-carrier absorption. A full treatment of these effects is beyond the scope of this paper but, briefly, nonlinear refraction acts as a lens induced in the material that can lead to distortions in the spatial profile of the pulse, altering the pulse irradiance, and free-carrier absorption is another loss mechanism that depletes the number of photons in the optical pulse.
The differences in charge collection between diodes [6] and SRAMs with and without substrates are quantitatively similar. In Fig. 9 are plots of the ratio of laser pulse energy, PE, with and without the back substrate removed versus a) heavy-ion LET for Sandia 1-Mbit SRAMs and b) charge collection for Sandia SOI charge collection diodes. The data for Fig. 9 (b) were compiled from [6] . Plotted in Fig. 9(a) is the ratio for a given laser pulse energy threshold. Thus, for the SRAMs, it takes approximately three times more incident laser pulse energy to induce upset for SRAMs with the substrate not removed than for SRAMs with the substrate removed. This is consistent with the diode measurements. For the diode measurements, it takes up to approximately three times more incident laser pulse energy to create a given charge in the silicon for diodes with the substrate not removed than for diodes with the substrates removed. Thus, these data suggest that the mechanism(s) causing more charge collection in the diodes with the substrate removed is the same mechanism(s) causing upsets to occur at lower laser pulse energies in the SRAMs with the substrates removed. Hence, if displacement currents are affecting the amount of charge collection in diodes, displacement currents are likely also affecting the SEU sensitivity of the SRAMs. Nevertheless, regardless of the mechanism for the large difference in laser pulse energy required to induce upsets, the fact that laser pulse energy threshold can still be correlated to heavy-ion threshold LET with a linear dependence, suggests that this mechanism does not qualitatively affect TPA SEU measurements (at least for these SRAMs). This is further supported by estimations of heavy-ion threshold LETs for other SRAMs. In Fig. 10 , the 1-Mbit SRAM data of Fig. 8 are replotted on a logarithmic scale. The dashed lines are the fits based on the 1-Mbit SRAMs. From laser pulse energy threshold measurements and the fits for the 1-Mbit SRAMs, we can estimate the heavy-ion threshold LETs for the Sandia DPSRAM and for the IBM 45-nm SRAM. These estimated heavy-ion threshold LETs are also given in Fig. 10 . The laser pulse energy thresholds for these SRAMs were measured using TPA for SRAMs with and without the back substrate removed during the November 2010 test. Based on heavy-ion measurements, the threshold LET of the DPSRAMs is 65 MeV-cm mg [13] and based on proton measurements, the threshold LET of the IBM SRAM is 0.19 MeV-cm mg [14] . The estimated threshold LETs for TPA laser measurements with and without the back substrate show the same general trends. For the DPSRAM, the estimated threshold LETs are close to the values determined by heavy-ion measurements. Thus, TPA measurements on the 1-Mbit SRAMs and DPSRAMs both with and without the back substrate removed successfully estimate the correct threshold LET. However, for the 45-nm IBM SRAMs, the estimated threshold LETs for TPA laser measurements with (0.34 MeV-cm mg) and without (0.78 MeV-cm mg) the back substrate removed both overestimate the threshold LETs as determined by proton irradiations. One possible cause for this may be the large laser spot size relative to the physical dimensions of the SRAM cells [13] . Recall that the laser spot size is 1.35 m for the November 2010 test campaign. For the IBM 45-nm SRAM, approximately 2% of the cell size area (2% of the cell area is 0.008 m ) is composed of sensitive nFETs, which can overlap multiple transistors in the struck cell and in adjacent cells [13] . As a consequence, even though displacement currents may be affecting the amount of charge collection for TPA measurements on SRAMs with substrates, they still yield the same general conclusions as TPA measurements on SRAMs with the back substrate removed.
C. Single-Photon Absorption
SPA measurements were also performed on the same devices as the TPA measurements. Because the backside silicon substrate will completely attenuate the SPA laser beam, all SPA measurements were performed with the back substrate removed. Fig. 11 is a plot of the heavy-ion threshold LET versus SPA laser pulse energy threshold for the 64 K blocks that make up the 1-Mbit Sandia SRAM. Similar to the TPA 1-Mbit SRAM measurements, the laser pulse energy threshold varies linearly with ion threshold LET. Estimated threshold LETs for the Sandia DP-SRAM and for the IBM 45-nm SRAM are also given in Fig. 11 determined using the relationship between laser pulse energy threshold and ion threshold LET.
(4)
The SPA measurements significantly overestimate the threshold LET for the IBM 45-nm SRAMs. As mentioned above, this could be due to the large laser spot size compared to the small dimensions of the IBM SRAMs. (The laser spot size is roughly twice as large as a single cell [13] .) The SPA measurements appear to underestimate the threshold LET of the Sandia DPSRAM relative to the TPA results, but the estimated heavy-ion threshold LET is much closer to the measured heavy-ion threshold LET (65 MeV-cm mg) than for the IBM SRAM and possibly within experimental uncertainty.
D. TPA/SPA Correlation
Combining the laser 1-Mbit SRAM measurements performed here and diode charge collection measurements performed pre- viously [6] , it is now possible to directly compare TPA laser pulse energy (squared) to SPA laser pulse energy at threshold. Fig. 12 is a plot of TPA laser pulse energy threshold squared and SPA laser pulse energy threshold versus collected charge for devices with the backside silicon substrate removed. These curves are essentially plots of the laser induced collected charge versus ion threshold LET for SPA and TPA laser measurements for Sandia 1-Mbit SRAMs. These plots were determined as follows. From the diode measurements [6] , the relationship between laser pulse energy and collected charge were determined. Similarly, in this work, the relationships between laser pulse energy and ion threshold LET were determined for TPA and SPA measurements. Equating the laser pulse energies for the diode and SRAM measurements, collected charge can be then be related to ion threshold LET. In Fig. 12 , collected charge is plotted versus laser energy (or laser energy squared) but at the same LET for both TPA and SPA measurements. For example, a TPA pulse energy squared of 80 nJ occurs at approximately the same LET as an SPA pulse energy of 200 pJ. A quantitative comparison between TPA and SPA depends on numerous test parameters. For example, for SPA, the laser wavelength and spot size could affect the correlation. For TPA, the laser wavelength, spot size, pulse width, and possibly the phase characteristics of the pulse could affect the correlation. Considering these differences, there is reasonable quantitative agreement between the charge required to induce upsets by TPA and SPA with the back substrate removed.
IV. SUMMARY
TPA and SPA laser measurements have been performed on the backside of SOI SRAMs with and without the back substrate removed. Data were also taken with heavy ions to compare laser pulse energy threshold to heavy-ion LET. Data show that large differences in TPA laser pulse energy threshold can result from test campaign to test campaign. For this work, differences between test campaigns were observed and traced to changes in the laser spot size which occurred due to a major repair/realignment of the TPA laser system. These results indicate that for the TPA SEE approach to be used as a routine quantitative tool it is imperative that the laser pulse characteristics be monitored and methodologies be developed to assess and correct for possible changes in the pulse characteristics.
Considerably larger values of TPA laser pulse energy are required to induce upsets in SRAMs with the back substrate not removed than for SRAMs with the back substrate removed. One possible cause of this is the generation of displacement currents caused by charge generation in the back substrate by TPA. However, whatever the mechanism, it does not appear to affect the qualitative nature of TPA SEU characteristics. With the back substrates removed, there is reasonable quantitative agreement in the charge collection from TPA and SPA for equivalent deduced heavy-ion LET. These results suggest that both TPA and SPA laser measurements with the back substrate removed can be used to qualitatively assess single event effects in SOI SRAMs.
